Summary. Removal of the major maternal serum proteins from second trimester amniotic fluid by antibody affinity chromatography revealed various soluble tissue antigens, of which two were fetal-specific skin proteins and another, of \g=a\2-mobility, was specific to the uterus, and was therefore designated alpha-uterine protein (AUP). These proteins could not be detected in maternal serum by antibody\p=n-\antigen crossed electrophoresis. The concentration of AUP in amniotic fluid reached a maximum between 10 and 20 weeks of gestation, suggesting that there is an influx of uterine protein into the amniotic fluid at this stage of pregnancy.
Introduction
Fetal antigens are expressed early in the development of various tissues and their number and function constitute a major problem in developmental biology (see review by Uriel, 1975) . They are also of significance in oncological diagnosis (Currie, 1974) and the search for new fetal antigens has been encouraged by the fact that some congenital abnormalities can be detected prenatally by the measure¬ ment of alpha-fetoprotein (AFP) in human amniotic fluid and maternal serum Brock, 1976) . A variety of fetal-specific proteins has been revealed by immunological, enzymological and other methods (Gonano, Pirro & Silvetti, 1973; Drysdale & Singer, 1974) . Study of fetal isoenzymes involves precise and sensitive methodology but, unlike the immunological approach, it can only be applied to selected proteins of known function or effect (see Schapira, Dreyfus & Shapira, 1963; Taylor, Stafford & Jones, 1972; Schapira, 1973; Doellgast & Fishman, 1976) . However, immunological methods have revealed only a small number of soluble fetal antigens (Alexander, 1972; Uriel, 1975) and may indicate that current serological methods lack sufficient sensitivity for the raising and subsequent analysis of antisera.
Previous immunological studies on human amniotic fluid used unfractionated protein as immunogen and confirmed that the majority of the soluble protein in amniotic fluid was of maternal serum origin. However, these studies were relatively unsuccessful in detecting fetal-or other pregnancyspecific proteins (see Sutcliffe, 1975, for review) . In order to increase the immunogeneity of these antigens, we have removed the major serum proteins and AFP from specially selected samples of human amniotic fluid by means of antibody affinity chromatography. This subtractive, or negative, approach to the search for new antigens (De Carvalho, Lewis, Rand & Uhrick, 1964; Anderson et al, 1974) has been referred to by Sutcliffe (1976) as "negative antibody affinity chromatography".
Materials and Methods
Amniotic fluid was obtained by amniocentesis from patients affected with rhesus disease or whose pregnancies were at risk for a neural tube defect and who had therefore been referred for AFP determinations. Amniocentesis was performed between the 10th and 34th weeks of gestation, and in each case pregnancy continued to term and resulted in the birth of a normal child. The samples of fluid selected for negative antibody affinity chromatography (NAAC) were those which had relatively high concentrations of alpha-fetoprotein (AFP) (>20 µg/ml), in the hope that there would be a parallel enrichment of other fetal, or pregnancy-specific proteins. Adult human tissue was obtained within 12 h of death from two patients (both male) dying of myocardial infarction and pulmonary embolism, respectively. Human fetal tissues were obtained from second trimester fetuses after ter¬ mination of pregnancy for social reasons or as a consequence of neural tube defect.
Antibody affinity columns were prepared as described by Sutcliffe (1976 Immunization and examination ofantisera. Freeze-dried aliquots of the unadsorbed protein (5 mg each) were suspended in Freund's complete adjuvant and injected intramuscularly into two New Zealand White rabbits. Booster doses (4 mg) were injected after 4 weeks. Antisera were examined by antibody-antigen crossed electrophoresis (AACE) as used by Sutcliffe & Brock (1973) . All adsorp¬ tions of antisera were carried out in solution and incrementally by using either adult male human serum or tissue homogenates in PBS at protein concentrations of 18-40 mg/ml. Similar homogenates were made to examine the specificities of the antisera before and after adsorption.
Albumin and AFP determinations were carried out by one-dimensional AACE (PI. 1, Fig. 2 ). When the antisera were adsorbed with adult male serum protein, 6 or more of the precipitin lines were still detectable (PL 1, Fig. 3 (Fig. 2) and adsorbed (Fig. 3) antisera. Adsorption was carried out in solution with adult male serum. The first dimension anode is to the right-hand side of each gel, where the single circular mark shows the mobility of albumin detected by dye binding.
Figs4and5. AACE ofuntreated samples of amniotic fluid from women at 14 (Fig.4)and 17 (Fig. S) weeks of pregnancy. The antiserum had been adsorbed with adult male human serum. The mobility of albumin in the first dimension is shown by the circle. Extracts of decidua adsorbed the antiserum of all its precipitin arcs when tested with adult skin and other tissues. However, two clear precipitin lines were found when homogenates of fetal skin and amnion were tested against this decidua-adsorbed antiserum (PI. 1, Fig. 7 ). The lines were absent from fetal gut and liver and did not cross-react with purified AFP.
Discussion
Although previous studies have indicated that the major antigens in amniotic fluid are of serum type, some non-serum antigens, e.g. AFP, haemoglobin and two proteins present in extracts of amnion have been reported (Lambotte & Salmon, 1962; Lambotte, 1966; von Kleist, Buffe & Burtin, 1968 ). The present work shows that at least 6 tissue antigens can be detected by AACE in amniotic fluid early in pregnancy. The nature and precise tissue specificity of AUP remains to be determined by more sensitive methods of detection and purification of the protein is in progress for development of a radioimmunoassay. At present it is not possible to decide whether AUP cross-reacts with the rabbit protein known as cone protein (Feigelson, 1976) , blastokinin (Krishnan & Daniel, 1967) or uteroglobin (Beier, 1968) , because the antiserum against AUP was raised in rabbit. However, blastokinin has a total molecular weight of 15 800 (Feigelson, 1976) , whereas AUP is a dimer composed of two subunits each of mol. wt 25 000 (unpublished observations).
The concentration of AUP during the second trimester of pregnancy is very similar to the specific activity profiles of -I ,4-glucosidase and heat-labile alkaline phosphatase (Sutcliffe, Brock, Robert¬ son, Scrimgeour & Moneghan, 1972; and remarkably different from the concentrations of the major serum proteins, all of which reach maximum levels between 20 and 30 weeks of pregnancy (Sutcliffe & Brock, 1973 ). There appears to be no direct relationship between the concentrations or specific activities of these two groups of proteins (see Text-fig. 1 ). There is evidence that the a-l,4-glucosidase in amniotic fluid is not of fetal origin, because the enzyme is not present in fetuses affected with Pompe's disease but is still detectable in amniotic fluid (Salafsky & Nadler, 1972) .
By contrast, the blood group substances (Harper, Bias, Hutchinson & McKusick, 1971) Sutcliffe, 1975) . This large maternal contribution to amniotic fluid protein in man must, to some extent, reflect the organiza¬ tion of the placental membranes. In the mouse, the uterus is separated from the conceptus by the yolk sac splanchnopleur, and Renfree & McLaren (1974) have shown that much higher concentrations of fetal proteins are present in the amniotic fluid of mice than in that of man.
Further advances in prenatal diagnosis by detection of fetal-specific proteins in amniotic fluid may be possible by elaboration of more refined serological methods, particularly by fractionating complex mixtures of antigens before immunization. In his studies on the human placenta, Bohn (1976) first fractionated protein extracts by precipitation in Rivanol and ammonium sulphate in order to raise antisera against 6 placental tissue proteins. However, NAAC has the apparent advantage of being an immunologically specific form of protein fractionation. As others have found (see Pihko, Lingren & Ruoslahti, 1973) , the use of affinity columns of antibodies raised against adult serum protein gave minimal cross-reaction with AFP. Such a lack of cross-reactivity cannot be assumed to apply in all cases because different proteins may bear common antigenic determinants. We have attempted to guard against this problem in our experiments by adsorbing the amniotic fluid protein until only 2-3 % of it remained in solution after passage over NAAC columns. Further adsorption might have resulted in the removal of cross-reacting non-serum antigens as the concentration of serum protein was reduced to non-competitive levels. Our failure to purify the ß-oncofetal antigen described by Fritsché & Mach (1975) was probably because this protein is found in appreciable concentrations in adult human serum.
